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This invention relates to the production of olefins from 
aliphatic alcohols, and more particularlyT to the catad^iVconversion 
lof methanol into ethylene, ;/c : 

5—1.—. •• • • ; ^ has 

_ — _ -periodically-caused a-^rt^-of-petrochemical raw materials either - 

because of a limitation irvav^abmty of suitable quality petroleun 
feedstocks from which they have traditionally been derived or a 
limitation in naphtha cracking capacity. An alternative source of 

10 1 eth ylene fro m non^trol^'^rces is one obvious means of keeping 
pace with the demand for ethylene and other olefins. 

It is known that methanol and/or dimethyl ether, which may be 
obtained from coal, natural gas or biomass, can be converted into more 
complex hydrocarbons such as olefins and aromatics, by utilizing a 

15 group of catalytic zeolites exemplified by 234-5 zeolite. Ethylene is 

one of the olefinic hydrocarbons which may be obtained from such 
catalytic conversions. The reaction is highly exothermic and the 
olefins initially formed have a tendency to undergo further reaction to 
produce aromatic hydrocarbons useful in the production of motor 

20 gasoline. 

Many patent publications are concerned with various aspects of 
the converse -n of methanol and/or dimethyl ether into light olefins. 
Thus, the production of olefins from aliphatic ethers by catalytic 
conversion with a HZSM-5 zeolite is described in U.S. Patent 

25 3,894,106. U.S. Patent 3,979,472 describes the conversion of lower 

alcohols and their ethers with a composite of antimony oxide and a 
ZSM-5 zeolite to produce a mixture of ethylene, propylene and 
mononuclear aromatics. U.S. Patent 4,025,572 discloses that ethylene 
selectivity can be improved by combining ZSM-5 with an inert diluent 

30 while a similar result is achieved, according to U.S. Patent 4,025,575 

through use of subatmospheric partial pressure of the feed. 
Selectivity to ethylene is also improved by employing ZSM-5 zeolite in 
large crystal form of at least about 1 micron either alone (U.S. Patent 
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y.^ obtain^ 

amorphous silica within the interior of the crystalline structure of 
7 the zeolite catalyst (U.S. Stents 4,060,568 and 4,1007219)7" 
5 Although such processes perform exceptionally well and are 
— — into - 
-— — — — ^finic_hydroc^ conversions are 
: - exothermic to varying degrees depending on the particular reactant. 
For example, the amount of heat generated in the conversion of lower 
alcohols into hydrocarbon products may be estimated to be in the 
following ranges:™" 



Alcohol Reactant 


Heat Produced, k J per kg of 
Hydrocarbon Product 


Methanol 


2300-4600 


Ethanol 


460-1450 


Propanol 


35-840 



Thus, the conversion of methanol, and to a lesser degree 
of ethanol, could be considered excessively exothermic in this regard. 
Furthermore, because of the inherent character and efficiency of the 
20 crystalline a.Tuminosilicate zeolite catalysts, the reaction of 

methanol, and to a lesser degree of ethanol, tends to be 
self-accelerating, creating excessively hot local regions in the 
catalyst bed where the reaction tends to go to completion. In an 
adiabatic catalyst bed reactor, these highly exothermic reactions can 

2 5 result in high catalyst aging rates, and may cause thermal damage to 

the catalyst. Furthermore, such high temperatures can cause an 
undesirable product distribution. Therefore, it is critical in the 
conversion of methanol into useful products to provide sufficient heat 
dissipation so that temperatures encountered in any portion of the 

3 0 catalyst bed are restricted within predetermined limits. 

Additionally, it is generally good engineering practice to 
conduct reactant conversions at elevated pressures to utilize more 
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methanol cha rge, however, elevated pr essures tend to produce increased 

quantities of 1,2,4,5-tetraniethylbenzene (durene), an undesirable 
by-product, while lower pressures, for exanple less than 450 kPa favor 

7 — — 5 —the production of ~Hght~olefins~ — — ~ — ' — - 

. Various -techrdques-W heat 

released in such processes: see for example U.S. Patents 3,931,349 
(use of light hydrocarbon diluents), 4,052,479 (operating conditions 
selected to restrict feed conversion to 5-25*) and 4,238,631 (riser 
10 1 Z^^P*. and dense fluid c^lystlbed) . . .. U.S._Pa.tent. 4,035, 430 describes 
arranging the catalyst in a series of beds of increasing size with 
interstage quenching with methanol, dimethyl ether and/or light 
hydrocarbons for controlling heat. A tubulai "reactor is disclosed in 
U.S. Patent 4,058,576 as a means of removing heat during the catalytic 
15 conversion of a lower alcohol into olefins. A two-stage conversion is 

employed with an alcohol dehydration catalyst utilized in the first 
stage and a ZSM-5 zeolite in a tubular reactor in the second stage; in 
one embodiment, the ZSW-5 catalyst is located in the tubes of the 
reactor with a heat-transfer medium passed through the shell-side of 
20 the reactor. As the reaction mixture passes through the catalyst, the 

heat of reaction released within the tubes is transferred to the 
heat-exchange mt/ium. No details are provided on the configuration of 
the tubular reactor insofar as it may influence the thermal stability 
of the reaction. 

2 5 The present invention is based on the observation that the 

heat generated in a tubular reactor from the reaction of a lower 
aliphatic alcohol or a mixture of such an alcohol and its corresponding 
ether, in the presence of a zeolite catalyst can be effectively removed 
by providing reactor tubes having a diameter and a length which will 
■>0 transfer the heat from the interior of the tubes at a rate which the 

shell-side fluid can effectively remove so as to maintain the reaction 
temperature at a predetermined value. 

According to the present invention, there is provided a 
process for converting an alcohol having from 1 to 3 carbon atoms or a 
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mlXtUre th ! re °^ itt1 *ts corresponcling ether into a hydrocarbon product 

- containing an olefin, which cgnprises passing a feed comprising such an 
— alcoholnor-alc-ohor/ether mixture atln"el^ated ^ Te^e"ratu're~o"ver a 
catalyst comprising a crystalline aluminosilicate zeolite having either 
.„.(!) a.pore size greater than 5 Angstroms, a silica to alumina mole 
^^of^U^J2^na.^constnitA-ln^-rtm ! to 12 or porgs 
the major dimension of which is less than 6 Angstroms and pore windows 
of a size provided by 8-membered rings" of oxygen atoms, the catalyst 
being contained within a plurality of coded tubular reaction zones each 
having a length and diameter such that the ratio of the rate of change 
of heat release with respect to temperature in the reaction zones to 
the rate of change of heat removal with respect to temperature by 
cooling, is not greater than unity. 

Preferably, the feed is the alcohol/ether effluent of a 
dehydration reaction in which the alcohol, preferably toaether witn 
water, 1S passed over a dehydration catalyst at an elevated temperature 
According to the invention, a lower aliphatic alcohol alone or 
together with its corresponding ether is converted catalytically into 
olefinic hydrocarbons in a tubular reactor designed to achieve 
effective control of the heat released during the reaction 
particularly during the conversion of the ether and the alcohol into 
olefinic hydr,,arbons. Preferably, the reactants comprise methanol and 
dimethyl ether and the olefinic product is predominantly ethylene. 

The process of the invention can be considered as an 
improvement over the process described in U.S. Patent 4,058,576. 

The alcohols that may be used in the process of. the invention, 
or more specifically to the first stage of the combination operation, 
include. methanol, ethanol, propanol, and isapropanoi. The feed may 
consist of a relatively pure single alcohol, or a mixture of any of 
these alcohols. In general, any mixture comprising: methanol; or 
ethanol; or propanol; or isopropanol is a suitable feed for the first 
stage of the process. Reactions that produce more than about 230 kJ/kg 
of total hydrocarbon product, and preferably more than about 460 kj/kg 
of -Hydrocarbon product, at conversion temperature, are consioered 
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. -suitable for the purpose of the invention. 

1^3*^ the-process the alcohol is contacted 

i**'^ t0 P™*« water and a predominantly 



c^W 1 ^!^ 1 ^ ^ 1 ' ^ de ^tion catalyst may be any 
J IT r? KSUltS ^ lnten "° leCui - ^-tion of L alccil 
t~ " «■ * ° f — " t. oxygen raj 

- _ The dehydration reactions that can take place include those 
that fo™ sim p e and ndxed ethers such, as diethyl ether and diethyl 
ether. These intermediates may be forn)ed by tne intennolecula7 . . 
***»txon of alcohol teactartt9t . mi an Qf 

dehydra aons are exothermic, while this dehydration reaction itself is 
eraily ^ with alunina conposiUonSf ^ as * 

acidic catalysts known in the art are very effective for dehydmion 

It will be recognized that with a methanol feed, no 
intraocular dehydration is possible, and therefore the dehydration 
reaction can only pr o Cee d exother^ically to for., for exa^ „ 

According to a preferred aspect of the invention, the process 
comprises u, se q uential stages of catalytic contact in wnich b oZ 
s ages generate heat. In the first stage, heat' generation is limited 
by restricting the conversion of methanol to a P proxin a tei y an 
equilibria mixture comprising diethyl ether, methanol and water. The 

version product or first stage effluent, because of the generated . 
hea , generally has a temperature of about 310 to about Jc and is 
suitably adjusted to a temperature of about 270 to about *30o C 
depending on the nature of the second stage zeolite catalyst, by 
passing lt in ^ ^ exchange a circuiating J 

fluid. For example, the heat exchange fluid may be water 0 r the 
methanol reactant passed to tne first stage. 

The second stage catalytic conversion converts tne first staa* 
effluen, comprising methanol, ^etn y :. ether and water into an 
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-olefin-rich product. -The operation is highly exothermic- and occurs 
rapidly in the presence of certain crystalline zeolites and 
particularly 2SM-5 type crystalline zeoiites~and snail pore crystalline 

zeolites;~ : — ■ 



In general, the ZSM-5 type zeolites used in accordance with 
__the_inyention are crystalline. zeolites Javing a silica/alumina ratio 
.. ._JF. ea te;L about i and about 

12. These zeolites and their use as conversion catalysts for lower 
aliphatic alcohols are described in the U.S. patents referred to above, 
particularly U.S. Patents 3,894,106, 4,025,571, 4,058,576 and 4,148,835. 
The preferred zeolites are ZSH-5 type zeolites as exemplified 
" by ZSM-5, ZSM-11, ZSM-12, ZSM-23, ZSM-35 and ZSM-38, ZSM-5 being 
particularly preferred. 

ZSM-5 is described in U.S. Patent 3,702,886; ZSM-11 is 
described in U.S. Patent 3,709,979; ZSM-12 is described in U.S. Patent 
3,832,449; ZSM-23 is described in U.S. Patent 4,076,842; ZSM-35 is 
described in U.S. Patent 4,016,245; and ZSM-38 is described in U.S. 
Patent 4,046,859.' 

Particularly preferred catalysts are thosp comprising ZSM-5 
type zeolite with large crystals, i.e. a crystal size of at least 1 
micron, as described in U.S. Patents 4,025,571 and 4,148,835. Another 
class of particularly preferred catalysts are those comprising ZSM-5 
and which contain additional ingredients to improve ethylene 
selectively,, such as amorphous silica interdispersed within the 
interior of the zeolite crystalline structure. Catalysts of this type ' 
are described in U.S. Patents 4,060,568 and 4,100,219. 

In addition to the ZSM-5 zeolites, other zeolites known in the 
art as small pore crystalline aluminosilicate zeolites may be employeo 
in accordance with the invention. These small pore zeolites may be 
either naturally occurring or synthetic and include, for example, 
erionite, chabazite, zeolite T, zeolite ZK-5 and ZSM-34. Zeolite J is 
described in U.S. Patent 2,950,952, zeolite ZK-5 in U.S. Patent 
3,427,195, and ZSM-34 in U.S. Patents 4,079,095 and 4,079,096. The 
crystal structure of this class of zeolites is such as to provide 
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access to and egress from the intracrystalline free space by virtue of 
the zeolites having pores the major dimension of which is greater than 
3 but less than 6 AngsFrcw^fts. tihese"zei5lites""are 
characterized by pore windows of about a size such as would be provided 
by 8-membered rings-of oxygen atoms. —It will be understood, of course, 
-that these -rings -are -those formed by the-regular disposition of the ....... 

tetrahedra making up the anionic framework of the crystalline 
aluminosllicate, the oxygen atoms themselves being bonded to the 
silicon or aluminum atoms at the centers of the tetrahedra. The pores 
characterizingHthese zeolites may be isubstantially circular, such as in 
zeolite ZK-5 having uniform pores of adout 3.9 Angstroms diameter or 
somewhat elliptical, such as in erionite having pores of approximately 
3.6 by 5.2 Angstroms. It will be understood that, in any case, the 
small pore zeolites have a major pore dimension of less than 6 
Angstroms. The pore size dimensions of these zeolites, as well as 
other feasible zeolites, are those specified in "Zeolite Frameworks" by 
W.M. Meier, and D.H. Olson appearing in Advances in Chemistry Series, 
Vol. 101, pages 155-170 (1971). 

In accordance with the invention, the conversion into olefinic 
hydrocarbons is accomplished in catalyst-containing reaction tubes of 
desired length and diameter to provide a contact time with the catalyst 
sufficient to accomplish the reaction desired. The reaction zone 
therefore comprises a plurality of adjacent catalyst-containing tubes 
of restricted cross-section. and iimited to provide a desired heat 
transfer relationship between catalyst particles in the reaction tunes 
with a temperature controlling liquid, medium circulated external to the 
reaction tube. Thus, the conversion is carried out in a plurality of 
adjacent, parallel reaction tubes of restricted length and 
cross-section, each of which is in indirect heat exchange with a heat 
exchange fluid and sized to provide the required reactant contact time 
and temperature. 

In accordance with the invention, the tubes" of the tuoular - 
reactor must have a diameter and a length which will permit the heat 
generated within the tubes to be removed by the heat transfer medium 
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flowing through the shell of the tubular reactor. Where the length and 
~tl^ diameter are to that all of the 

-heat-generated cannot-be- expeditiously removed by the heat transfer 
fluid. This situation can quickly produce an unstable condition where 

reaction temperatu re wi ll escalate in an uncontrolled manner . 
Stability is ach ieved when t he ratio of the rate of change of heat 
generation in the tubular reactor with respect to temperature to the 
rate of change of heat removal by the heat transfer fluid with respect 
to temperature is no greater than unity, i.e., equal to or less than 
1.0. This may be expressed as follows: 



A _ Rate of change of heat generation with temperature 
' ~ Rate of change of heat removal with tenperature 

ao jar 



where 



Qg = heat generation 
Q r = heat removal 
T - temperature. 

The quantity ^can be computed at every point along the 
reactor length for a given sized tube (length and diameter) and 
specified opt^ating conditions (pressure, inlet temperature, feed 
composition, etc.). To ensure safe operation it is essential to limit 
the value of ^ ^1 at any location. 

The following equation for <p can be derived with algebraic 
manipulations: 



(E/RT - T) dc/dz 
- . c + 



T 2 



dT/dz 



-E 

exp 



FT T 
O 



4UL dT/dz 
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for Z from 0 to dT/dZ=0, 



where,' D f ~ ^ diameter of the" tube" 







inlet concentration of the reactant 


- AH 




heat of -reaction—--- 


— V 




preexponential _f actor of the rate constant 






inlet temperature 


u 




overall heat transfer coefficient 


T 




dimensionless temperature at position Z, (T/T ) 


E 




activation energy 


R 




gas constant 


~c 




dimensionless concentratibn at position z, ( c/c 0 ) 


2 




tube distance variable 


u g 




velocity of the gas 






density of the gas 


c p 




specific heat of the gas 


L 




length of the tube 



The reactor tube design selected must be satisfactory for 
accomplishing the heat transfer requirements expected under the 
reaction conditions desired and occurring at reactant space velocities 
of abouv 0.5 to 3.0 WHSV. During traverse of the reaction tubes the 
first stage effluent mixture is converted with a selectivity- and 
activity-modified crystalline zeolite to produce an olefin-ricn 
product. The olef in-rich product formed is maintained at a temperature 
of 270 to about 370°C during contact with the second stage catalyst. 
Water or any other suitable heat exchange fluid may be used in indirect 
heat exchange relationship with the catalyst and reactants in the 
reaction tubes to remove the generated heat. 

A schematic flow plan of on* manner in wnich the conversion of 
methanol into a hydrocarbon product rich in ethylene may De acnieveo in 
a stable manner in accordance with the present invention is shown by 
way of example only in Figure 1 of the accompanying drawings. Metnanol 
feed enters througn line 2 where it is mixed with an aqueous product 
recycle stream rich in unreacted methi-nci from line A ana passed via 
line 6 into dehydration reactor 5 where trie mixture is converted to an 
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essentially equilibrium mixture of methanol, dimethylether (DIC) and 
water by the^ catalytic action of a T suitable "catalyst, such as 'gamma "*""'"' 
alumina. --Thi$-fitixture^its~ tte^ line-la and 

may undergo either heating or cooling in heat exchanger 12 such that 
jf^en it flqw« with un reacted C>€ f rom 

line 16 the resulting mixture passing through line 18 is at the desired 
temperature for conversion. The combined stream flows through line 18 
to tubular reactor 20 which contains a series of 50 iwn X 4.5 ra tubes 
packed with ZSM-5 zeolite catalyst. As the mixture passes through the 
reactor tubes it is converted into an ethylene-rich hydrocarbon 
stream. The reaction is highly exothermic. The heat released in the 
tubular reactor is removed by means of a suitable coolant (for example 
water, molten salt or organic liquid) passing through the shell-side of 
the reactor. The effluent leaves the reactor through line 22, is 
cooled in heat exchanger 24, and enters product recovery section 28 via 
line 26. 

The cooled and partially condensed effluent is separated in 
the product recovery section by known means (not shown) into three 
phases: (1) a liquid hydrocarbon phase, (2) a liquid aqueous phase 
containing most of the unreacted methanol and a small amount of DME, 
and (3) a gas phase rich in light olefins including ethylene and which 
contains most of the unreacted DME. 

The gas phase product may be compressed and sent to an 
absorber where DME is recovered. The gaseous hydrocarbons can be sent 
to an olefins recovery facility similar to that employed in 
conventional olefin plants. Alternatively, the gaseous hydrocarbon 
product containing DME may be processed by distillation to obtain the 
desired ethylene product and unreacted DME for recycle to the reactor. 
The ethylene containing .product, is recovered through line .30 while the 
ONE is recycled through line 16. 

The liquid hydrocarbon phase recovered through line 32 may be 
stabilized to recover light olefin products. The staoilized liquid 
hydrocarbon may be blended with gasoline boiling-range components 
recovered from the olefins recovery facility to make either finished 
gasoline or a gasoline blending stock. 
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The aqueous liquid phase may be subject to steam stripping, 
evaporation, and distillation to recover unreacted to and some 

water Ydf~rec^Ie "to 4. Surplus™ 

water is removed through line 34. It is not necessary to employ all 
-three separation methods-to obtain the desired recycle stream. Any 
-unreacted D^. presen t_initially in the aqueous liquid phase will be 
recovered, in the aqueous recycle stream (stream 4). Most of the water 
product produced by the conversion process in addition to 
non-chemically bound water present in the methanol feed is removed by 
stream 34. .._/. 

The water content of the 'methanol feed to the process can vary 
up to about 70 weight percent, preferably from about 20 to about 50 
weight percent. Any "equivalent" methanol-water feed may also be 
employed. A methanol-water feed is said to be "equivalent" to a given 
methanol-water feed when the methanol-water feed in question plus any 
appropriate recycle streams recovered from the product of the 
conversion produces a feed to the zeolite catalyst which has 
substantially the same composition as the equilibrium mixture obtained 
when the given methanol-water feed is contacted with a dehydration 
catalyst. 

In Figure 1 the unreacted DKE is recycled to the tubular 
reactor -ather than the dehydration reactor. This has the advantage 
that it allows a higher degree of conversion to be achieved in the 
dehydration reactor, thus reducing the heat load in the tubular 
reactor. In addition, since the heat of reaction for converting ONE to 
an olefinic hydrocarbon product is less than that for methanol, feeding 
unconverted DN€ directly to the tubular reactor also reduces the heat 
load on it. Because stable operation of a tubular reactor requires 
that the rate of heat -removal be- equal to or somewhat -greater than the 
rate of heat generation, the above scheme allows a tubular reactor to 
be operated in a stable manner over a wider range of conditions than 
otherwise possioie. Of .course, by being more restrictive on the 
tubular reactor operating conditions, it is possible to operate tne 
dehydration reactor with feed streams 2, A and 16. 
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15 



.20 



.T^T . ^"^■"^"^■■V be usefully employed 
for a tubular reactor which is preceded by a dehydration reactor 
- processing recycle streams in addition to methanol feed. It is well 

'~" _ ow?^ redUCed ^ of light 

olefins Therefore, the inlet pressure to the tubular reactor should 

■■»J^J!mAXJ». M preferably less than 380 XPa. To provide 
-^^^^■^^ Jaam ^ diameter tubes, the tube 

SEVT? ! 3 t0 6 " PreSSUre ^ ^ eCOnOTlc considerations 
indicate that the space velocity (WHSV) to the tubular reactor should 
be in the range of 0.5-3.0. The operating teoperature range for the 
tubular reactor is about 270 to about 37 0 o C for a ZSM-5 type zeolite 
and about 315 to about m for a ^ „ ^ 
for ca alyst aging may be made by raising the" reactor tempeature. It 

iZlTzVl "V C3talySt ^ 13196 CrySt9i ^ ablt 
1 nacron) SM 5 zeolite in the tubular reactor, such as that disclosed 

in U.S. Patents 4,025,571 and 4,1,8,835. The ZSM-5 catalyst nay oe 

unsteamed or presteamed to reduce its hexane cracking activity aloha 

It' ™" ^ ° Peratir * C ~* ^ the Z ate 

stauld exceed 20. The catalyst .ay also contain additional 

which improve ethylene selectivity, for example intracrystallil s ^ 
a, escribed in U.S. Patents 4,060,568 and 4,100,21,. Of course, o^he 
suitable catalysts may also be employed. 

DKE in T' 61 ^ ^ limit ^ C ° nVerSi0n l6Vel 0f -"«, 

ll reaCt ° r t0 beUeen 30 and 9CK - At hi 8her conversion 

levels, significant quantities of the feed stream will be converted 

T^T^T 0 ™*' ^ atWiti0n t0 ^ diameter « t^e length ano 
he actors lasted above, the water content of the feed entering the 
tubular reactor strongly affects the conversion level which can be 
achieved while still maintaining stable operation. For example, with a 

;^ OU8 ^-^ — it is possible tTopera a 

50-80X conversion in a stable manner if the 'eed tn th . „\ 

Ln - -eea to the reactor has a 
water content equivalent to » sn u t * m „«.u 

4 ivdienc to a 50 wt % methanol/water mixture. If the 

«t * . e .h a nol/„ater fixture, the = onverslon levsl Mt be at 
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less thaniKKnt^^ These festricti^ be 

.. relaxed by decreasing the tube diameter. _„ 

Under certain conditions it is possible to eliminate the 
dehydration reactor shown in Figure 1. This feature is shown in Figure 
2. Since the equipment is similar to that of Figure 1, like numerals 
"are employed "in~ Figure" 2 to "designate like "equipment. Methanol feed in 
line 2 is mixed with an aqueous recycle stream rich in unreacted 
methanol from line 4 and a OC-rich stream containing unreacted DME 
from line 16 to form a combined stream having the water content 
equivalent to a 50% methanol/water mixture through an 80% 
methanol/water mixture. The combined streams are heated in heat 
exchanger 12 and passed into tubular reactor 20 via line 18. The - 
methanol and DME are partially converted in the tubular reactor to a 
hydrocarbon product rich in ethylene. The reactor effluent leaves the 
reactor through line 22, is cooled in heat exchanger 24 and sent to 
product recovery via line 26. The recovery system is the same as that 
described above with reference to Figure 1. 

In the scheme shown in Figure 2, most of the process 
conditions are the same as for the tubular reactox preceded by a 
dehydration reactor, except that in the absence of the dehydration 
reactor, the neat load on the tubular reactor is substantially 
increased. This can be compensated for by decreased conversion level 
or by redu; \ng the tube diameter. 

The following Examples illustrate the invention. 

EXAMPLE I 

The effect of tube diameter on the stability of a tubular 
reactor for partial conversion of methanol into an olefinic hydrocarbon 
product is illustrated in this example. 

A tubular reactor is used to convert an equilibrium mixture of 
methanol, dimethylether ([>€), and water which is obtained by passing a 
50 wt % methanol/water mixture into a aehydraticn reactor containing a 
gamma alumina catalyst, for example. The coolant temperature (anG 
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reactor feed temperature) is maintained at 293°C. For the particular 
l&ftitib^ employed to evaluate the effect of 

tube diameter with a coretant~tube length of ^j;66 Figure 3 shows - - 
the estimated concentration profile of oxygenates (methanol and E>€) in 
_seyeral„tubular ^ of the 

tube. In Figure 3, X is the fractional conversion of the oxygenates. 
.^..B™f*L stow ^ diameter increases from A cm to 10 cm 

the oxygenate conversion increases and is 100% for the 10 cm tube. 
Figure 4 shows the estimated temperature profile for the tubular 
reactors containing different sized tubes. The profile for the 10 cm 
tube indicates it is impossible to operate this reactor in a stable 
manner at partial conversion. This information can be expressed in 
another form as shown in Figure 5. Here the quantity j/i is plotted 
against tube diameter, (p is the ratio of the change of heat 
generation with respect to temperature by reaction to the rate of 
change of heat removal by the heat transfer agent with respect to 
temperature. Values of ^greater than unity are indicative of unstable 
system. From this plot, it is clear that a tube diameter greater than 
about 7 cm will result in an unstable reactor. For most purposes, 
limiting the tube diameter to less than 5 cm for the above feed will 
provide stable operation over a range of operating conditions. 

EXAMPLE II 

Calculating the value of $ for several feed compositions ana 
for varying conversion shows that tube diameter has a significant 
effect on the thermal stability, as the following table illustrates. 
Since tube lengths in excess of aocut 1.8m have less influence on 
reactor stability than tube diameter, a tube length of 4.6 m was used 
in all cases. The reaction can be conducted without a dehydration 
reactor for the conversion of the methanol-water feed to an equiHorium 
mixture of methanoi-DME and water. In this instance the zeolite 
catalyst in the tubular reactor is used both for the conversion to the 
equilibrium mixture and then the reaction to produce the olefinic 
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product. Since both reactions are exothermic, conducting both in the 
tubular reactor iffereases - the -heat -load on this reactor. The tabulated 
values for the tube diameter for stable operation presented below show 
this _ difjferwe_ (^i te di^tlc^ly ^ _The following tabulation provides 
a comparison of the two cases under otherwise constant conditions. 

Feed to Tubular Tube Diameter of Tubular 

Reaction (MeOH/Water Conversion to Reactor if Preceded oy 

Equivalent) Hydrocarbons Dehydration Rx No Dehydration Rx 

50 wtX MeOH/water 5(K <5 cm ^3.8 cm 

50 wt% " ' 80% ^5 cm <<L2.5 cm 

80 wtt " 50% ^3.8 cm 2.2.5 cm 

These data show that a larger tube diameter (and thus a 
higher throughput) can be employed to provide stable thermal operation 
if a separate dehydration reactor is included in the process flow* scheme. 
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f rom 1 to 3 carbon atoms or a mi xt ure -thereof with its 

corresponding ether into a hydrocarbon product containing 
an olefin, which comprises passing a feed comprising such 
an • alcohol or alTOhol/'ether "mixture ar"an~eievated tempera- 
ture over a catalyst comprising a crystalline aluminosili- 
cate zeolite having either~<i) a pore-size greater than 5 
. Angstroms, a silica to alumina mole ratio of at least 12 
and a constraint index from 1 to 12 or (ii) pores the major 
dimention of which is less than 6 Angstoms and pore windows 
of a size provided by 8-membered rings of oxygen atoms, 
the catalyst being contained within a plurality of coded 
tubular reaction zones each having a length and diameter 
such that the ratio of the rate of change of heat release 
with respect to temperature in the reaction zones to the 
rate of change of heat removal with respect to temperature 
by cooling, is not greater than unity. 

2. A process according to claim 1, wherein the 
feed also comprises water. 

3. A process according to claim 2, wherein the 
feed is the effluent of a dehydration reaction in which 
the alcohol is passed over a dehydration catalyst at an 
elevated temperature . 

4. A process according to claim 1, 2 or 3, 
wherein the alcohol is methanol and the ether is dimethyl 
ether . 



5. A process according to claim 1, 2 or 3, 
wherein the olefin is ethylene. 

6. A process according to claim 1, 2 or 3, 

wherein each tubular reaction ZO ne has a diameter of less 
than r )0 mm. 
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